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(57)Abstract: 

PROBLEM TO BE SOLVED: To produce a nickel based superalloy which is used for producing a 
stationary or movable single crystal blade of an industrial gas turbine by directional solidification. 
SOLUTION: The nickel based superalloy has extremely high temperature corrosion resistance, and is 
used for producing a single crystal blade of an industrial turbine. The alloy has a composition 
containing, by mass, 4.75 to 5.25% Co, 15.5 to 16.5% Cr, 0.8 to 1.2% Mo, 3.75 to 4.25% W, 3.75 to 4.25% 
Al, 1.75 to 2.25% Ti, 4.75 to 5.25% Ta, 0.006 to 0.04% C, <0.01% B, <0.01% Zr, <1% Hf, <1% Nb, and the 
balance Ni with impurities. The alloy is suitable for single crystal solidification. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Nickel system superalloy characterized by being the suitable presentation of the following [ a 
mass ratio ] for single crystal coagulation in nickel system superalloy. 

Co : 4.75 - 5.25%Cr:15.5 - 16.5%Mo: 0.8 - 1.2%W : 3.75 - 4.25%aluminum: 3.75 - 4.25%Ti: 1.75 - 2.25% 
Ta: 4.75 - 5.25%C : 0.006- 0.04%B : <=0.01%Zr: <=0.01%Hf : <=l%Nb : <=l%nickel and an impurity: In 
addition to each component, make it to 1 00%. 

[Claim 2] The industrial turbine blade manufactured by single crystal coagulation of the superalloy of claim 
1. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the nickel system superalloy used in order to manufacture 
fixed and the working single crystal blade of an industrial gas turbine by directional solidification. 
[0002] 

[Description of the Prior Art] Nickel system superalloy is the highest ingredient of the engine performance 
by which current utilization is carried out at manufacture of working of an industrial gas turbine, and a fixed 
blade. Two main descriptions by which the current demand is carried out about these alloys for such an 
application [****] are the outstanding creep resistance in the temperature to 850 degrees C, and the 
dramatically excellent high-temperature-corrosion-proof nature. Some criteria-alloys used for the field 
current at this rate are IN738, IN939, and IN792. 

[0003] The blade currently manufactured using these related alloys is manufactured by the usual casting 
using a lost wax process, and the organization is polycrystal. That is, he is the organization which the crystal 
which carries out orientation mutually at random and is called a crystal grain child put side by side. In itself 
[ these crystal grain child ], it is constituted by the austenite gamma (gamma) matrix which uses nickel as 
the base, and is intermetallic-compound nickel3 aluminum to this matrix. The hardening particle of the 
gamma prime (gamma 1 ) phase used as a foundation is distributing. This organization that consists of a 
crystal grain child gives the creep resistance of a high level to these alloys at the temperature to about 850 
degrees C, and the life of the blade currently generally asked for the endurance of 50,000 - 100,000 hours is 
guaranteed. 

[0004] Moreover, about the chemical presentation of alloys IN939, IN738, and IN792, it is determined so 
that the resistance in which these alloys were excellent to the combustion gas environment, especially the 
resistance which was excellent to the high temperature corrosion which is an intense phenomenon in the 
case of the industrial gas turbine may be shown. Therefore, in order to give high-temperature-corrosion- 
proof nature required for these alloys in the target application, it is necessary to add the chromium of most 
amount, for example, 12 thru/or 22 mass %. If ranking is given from the point of creep resistance, it will be 
IN939<IN738<IN792. The ranking seen from the point of high-temperature-corrosion-proof nature is 
reverse. That is, it is IN792<IN738<IN939. 

[0005] As one method of improving the output characteristics and the property [ exhausting ] of an 
industrial gas turbine, gas temperature of a turbine outlet may be made high, for this reason - being alike — 
if the alloy for turbine blades can bear the operating temperature which becomes still higher and is not 
carried out like this the same mechanical features, especially where creep resistance is maintained, it cannot 
realize the same endurance. 

[0006] The same problem was accepted also in the past by the gas turbine for turbojets and the gas turbine 
for turboengines in an aeronautical-navigation application. In this case, the blade known as a polycrystal 
blade currently manufactured by the usual casting was changed into the blade known as a single crystal 
blade, i.e., the blade constituted by the metallurgical single crystal particle, and the problem was solved. 
[0007] These single crystal blade is manufactured by the directional solidification using ROSUTO wax 
casting. If the grain boundary which is the location where creep deformation tends to take place at an 
elevated temperature is removed, the property of nickel system superalloy will improve by leaps and 
bounds. Moreover, if single crystal coagulation is applied, the suitable growth direction of a single crystal 
component can be chosen. That is, the optimal <001> orientation can be chosen, in view of creep resistance 
and thermal fatigue. The stress which is the least good for a turbine blade is these two kinds of mechanical 
stress. 
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[0008] However, the chemical superalloy compound developed for the single crystal turbine blade of an 
aeronautical-navigation application is unsuitable for the blade of the ground and the marine application 
known by carrying out an industrial application. In the case of these alloys, it aims at the improvement of 
the mechanical resistance in the temperature of 1 100 degrees C or more, but this is harmful to high- 
temperature-corrosion-proof nature. In this case, generally the chromium concentration of the superalloy for 
the single crystal turbine blade for aeronautical navigation is under 8 mass %, if it puts in another way, the 
capacity factor of gamma'phase will be about 70%, and this level is advantageous to hot creep resistance. 
[0009] There is SCI 6 in the alloy which is rich in a part for chromium, and is known as suitable nickel 
system superalloy for the single crystal coagulation of the component of an industrial gas turbine, and it is 
indicated by the France patent disclosure description No. 2643085. Chromium concentration is 16 mass %. 
When it compares with the polycrystal alloy IN738 about the property about the creep resistance of an alloy 
SC 16, operating temperature is extent which rises from about 30 degrees C (not 800 degrees C but 830 
degrees C) to about 50 degrees C (not 900 degrees C but 950 degrees C). The comparison corrosion cycle 
trial performed under atmospheric pressure into 850-degree-C air using Na2S04 showed that the high- 
temperature-corrosion-proof nature of an alloy SC 16 was equivalent to the criteria polycrystal alloy IN738 
at least. 

[0010] Moreover, the manufacturer of an industrial turbine also uses an own trial bench, and is performing 
the high temperature corrosion test about SCI 6. In the very strict environment which shows an extreme 
operating condition, it turned out that the high-temperature-corrosion-proof nature of an alloy SC 16 is 
inferior to the alloy IN738. Furthermore, the need for the superalloy for blades that the need over an 
operating-temperature improvement of a manufacturer's gas turbine has higher creep resistance highly 
therefore is also high. 
[0011] 

[Problem(s) to be Solved by the Invention] The technical problem of this invention is the high-temperature- 
corrosion-proof nature within the strong corrosive combustion gas environment of an industrial turbine 
being equal to criteria polycrystal superalloy IN738 at least, and creep resistance's rivaling the criteria alloy 
IN792 in the temperature to 950 degrees C, or offering the nickel system superalloy beyond it. This 
superalloy is suitable for especially manufacture of fixed [ with large dimension of the industrial gas turbine 
by directional solidification (height is not more than dozens of cm or it) ], and a working single crystal 
blade. 

[0012] Furthermore, this superalloy needs to show the detailed structural stability which was excellent about 
the deposit of the weak phase between metals which is rich in a part for chromium, when it maintains at an 
elevated temperature for a long period of time. This invention still more specifically makes it a technical 
problem to obtain an alloy ingredient with many following properties. 

[0013] Optimized high-temperature-corrosion-proof nature. Anyway, this high-temperature-corrosion-proof 
nature is equal to the polycrystal superalloy IN738 referred to within the environment where the combustion 
gas environment of an industrial turbine is expressed at least. The hardening sludge of gamma'phase of a 
maximum capacity ratio. The object is an improvement of hot creep resistance. The creep resistance in a 
maximum of 950 degrees C is equal to the polycrystal alloy IN792 referred to at least. 
[0014] Homogeneity by full dissolution into the dissolution particle of gamma'phase containing a 
gamma/gamma'eutectic phase is realized. When long duration maintenance is carried out in an elevated 
temperature, it is the prevention of the weak metal intermediate layer deposit which is rich in a part for the 
chromium from gamma matrix to produce. The consistency 8.4g and below cm-3. The object is restricting 
the centrifugal stress which acts to the turbine disc which controls the mass of a single crystal blade to the 
minimum, and fixes a blade and a blade. It is the single crystal freezing characteristic which height 
amounted to dozens of cm, and was excellent in the turbine blade whose mass is several kg. 
[0015] 

[Means for Solving the Problem] The suitable superalloy by this invention for single crystal coagulation 
consists of a presentation of the following [ a mass ratio ]. 

Co : 4.75 - 5.25%Cr:15.5 - 16.5%Mo: 0.8 - 1.2%W : 3.75 - 4.25%aluminum: 3.75 - 4.25%Ti: 1.75 - 2.25% 
Ta: 4.75 - 5.25%C : 0.006- 0.04%B : <=0.01%Zr: <=0.01%Hf : <=l%Nb : <=l%nickel and an impurity: In 
addition to each component, make it to 100%. 

[0016] The alloy of this invention is an alloy which took balance for creep resistance and high-temperature- 
corrosion-proof nature extremely. This alloy manufactures a single crystal component, i.e., the component 
which consists of a metallurgical single crystal particle. This organization [****] manufactures by the 
conventional directional solidification method which uses the spiral mold equipment or chicane (chicane) 
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mold equipment which chooses for example, a crystal grain child or a single crystal nucleus and which 
applied the heat gradient. This invention relates also to the industrial turbine blade manufactured by single 
crystal coagulation of the above-mentioned superalloy. 
[0017] 

[Embodiment of the Invention] By the nominal presentation shown in a table 1 , this invention alloy called 
SCA425 on these descriptions was manufactured. In a table 1, the nominal concentration of the main 
elements in the alloys IN939, IN738, IN792, and SCI 6 which are referred to is also written together. 
[0018] 
[A table 1] 

Table 1 : Concentration by mass of main elements (%) 

An alloy nickel Co Cr Mo W aluminum Ti Ta Nb IN939 Remainder 19 22.5 - 2 1.9 3.7 1.4 1IN738 
Remainder 8.5 16 1.7 2.6 3.4 3.4 1.7 0.9IN(s)792 Remainder 9 12.4 1.9 3.8 3.1 4.5 3.9 -SC16 Remainder - 
16 3-3.5 3.5 3.5 -SCA425 Remainder 5 16 1 4 4 2 5 -[0019] Chromium is an element which has dominant 
effectiveness in favor of the high-temperature-corrosion-proof nature of nickel system superalloy. 
According to the trial, it is the conditions of a high temperature corrosion test of explaining below, and in 
order to obtain the high-temperature-corrosion-proof nature which is equal to the high-temperature- 
corrosion-proof nature of the criteria alloy IN738 under the conditions showing the environment produced 
with the combustion gas of a certain kind of industrial turbine, it is necessary to add the chromium of 1 6 
mass % extent into the alloy of this invention. Chromium is also the element contributed to hardening of 
gamma matrix over which this element is distributed preferentially. 

[0020] Molybdenum is an element which has a big operation in hardening of gamma matrix over which this 
element is distributed preferentially. In addition, the amount of the molybdenum which can be blended with 
an alloy has a limit. It is because molybdenum is the element which carries out the disadvantageous 
operation for the high-temperature-corrosion-proof nature of nickel system superalloy. The molybdenum 
blended with this invention alloy by the concentration of 1 mass % extent is an element which there is no 
adverse effect in corrosion resistance, and is greatly contributed to hardening. 

[0021] It is the element which also contributes cobalt to hardening as the solid solution of gamma matrix. 
The concentration of cobalt influences the dissolution temperature (gamma'solvus temperature) of 
gamma'hardening phase. Therefore, it is in a condition without a possibility that solvus temperature of 
gamma ? phase may be made low and dissolution may begin, and in order to promote homogenization of an 
alloy by heat treatment, it is advantageous to make concentration of cobalt high. Furthermore, solvus 
temperature of gamma'phase is made high and it is also advantageous to make concentration of cobalt low, 
in order to use better bigger stability than hot one of gamma'phase which leads to acceleration of creep 
resistance. If it blends with this invention alloy by the concentration of 5 mass % extent, the balance of the 
outstanding homogenization capacity and the outstanding creep resistance can be optimized. 
[0022] The tungsten blended with the alloy of this invention by the concentration of 4 mass % extent is an 
element which is equally distributed substantially between gamma-phase and gamma'phase, therefore is 
contributed to each hardening process. In addition, the tungsten concentration blended with an alloy has a 
limit, in order that this element may show heavy and effect negative to high-temperature-corrosion-proof 
nature. 

[0023] The concentration of the aluminum in this invention alloy is 4 mass % extent. Existence of this 
element deposits gamma'hardening phase. Aluminum is also the element which promotes oxidation 
resistance. In order to strengthen gamma'phase, element titanium and a tantalum may be added into this 
invention alloy. In this case, these two elements will permute element aluminum. The concentration of these 
[ in this invention alloy ] two elements is [ titanium ] 5 mass % extent about a tantalum in 2 mass % extent. 
[0024] According to the trial performed on the high temperature corrosion test conditions corresponding to 
the application to mean explained below, the tantalum is more advantageous to high-temperature-corrosion- 
proof nature than titanium, but the tantalum heavier than titanium is disadvantageous when it sees from the 
consistency of an alloy. About the capacity factor of gamma'hardening phase, this will be decided by sum 
density of a tantalum, titanium, and aluminum, if it says roughly. When gamma and gamma'phase are 
maintained at an elevated temperature for a long period of time, in order to stabilize and to acquire the 
corrosion resistance to desire, where the data which fixed chromium concentration to about 16 mass % are 
taken into consideration, the concentration of these three elements can be adjusted so that the capacity factor 
of gamma'phase may optimize. The alloy SCA 425 was manufactured as a single crystal with orientation 
<001>. According to measurement, the consistency of this alloy was 8.36 g-cm -3. 

[0025] directional solidification — after — an alloy — a configuration — a phase — two — a ** — a phase — 
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namely, — nickel — a system — the solid solution — it is — austenite — gamma — a matrix — an intermetallic 
compound — it is — gamma — 1 — a phase — two a ** — it is . in addition, this intermetallic compound — a 
basic type — nickeB aluminum it is — it mainly deposits in gamma matrix as a less than 1 -micrometer very 
fine particle during cooling to a solid state. The particle between the arborescence of the gamma ! phase 
produced from the eutectic transformation of a residual liquid object after termination of coagulation does 
not exist in an alloy SCA 425 against recognition general about the single crystal superalloy for turbine 
blades. 

[0026] Homogenization heat treatment was performed into the alloy SCA 425 at the temperature of 1285 
degrees C for 3 hours, and it cooled in air. Although this temperature is higher than the solvus temperature 
(dissolution temperature of gamma'phase) of the sludge of the gamma'phase which is 1 198 degrees C, it is 
lower than the SORIDASU temperature which is 1300 degrees C. The intention of this processing is 
dissolving in all the sludges of gamma'phase with very large distribution size in the coarse condition of 
directional solidification, and controlling the chemical heterogeneity accompanying arborescence 
solidification structure. Since the difference of the gamma'solvus temperature and its SORIDASU 
temperature of an alloy SCA 425 is very large, it can homogenize easily in the condition that there is no fear 
of melting, a certainly homogeneous detailed organization can be obtained, therefore creep resistance can be 
optimized. 

[0027] It cooled by hardening among air following the above-mentioned homogenization. When actually 
applying, the magnitude of the particle which needed to make the rate of this cooling the high speed and 
deposited during cooling processing is less than 500nm. Homogenization heat treatment explained above is 
an example from which the meant result is obtained. That is, it is the example from which homogeneous 
distribution of the very fine particle of gamma'phase to which grain size does not exceed 500nm is acquired. 
In addition, this does not eliminate possibility of performing temperature on the conditions set up between 
gamma'solvus temperature and SORIDASU temperature and of obtaining the same result by application of 
different processing temperature. 

[0028] After homogenizing as mentioned above, the alloy SCA 425 was examined at two annealing 
temperature which stabilizes the size and the capacity factor of a sludge of gamma'phase. In the 1 st 
annealing processing, an alloy is heated at 1 1 00 degrees C for 4 hours, it cools in air after that, and the size 
of the sludge of gamma'phase is stabilized. And after performing 2nd annealing processing at 850 degrees C 
for 24 hours, it cools in air and the capacity factor of gamma'phase is optimized. According to assessment 
the case of an alloy SCA 425, the capacity factor of gamma'phase is 50%. After finishing all heat treatments, 
most gamma'phases deposit as a cube form particle which has grain size between 200nm and 500nm. About 
the very fine particle of gamma'phase with a low capacity factor to which the magnitude of a particle does 
not exceed 50nm, it exists between big sludges. 

[0029] The high temperature corrosion test was performed at different temperature using an alloy SCA 425. 
The test method is as follows, a presentation - a mass ratio - 4.3%Na2S04+22.7%CaS04+22.3% 
Fe203+20.6%ZnS04+10.4%K2S04+2.8%MgO+6.5 0 /oaluminum203+10.4%Si02 it is - a sample is 
selectively immersed in the container loaded with the mixture of combustion residue. It is air +0.15 capacity 
%S02 in 61./hour in rate. It lets mixture pass into combustion residue mixture. Combustion residue mixture 
is filled up every 500 hours. This environment expresses the very intense environment which consists of 
combustion gas of a certain kind of industrial turbine. For the comparison, the sample of alloys IN738, 
IN939, IN792, and SCI 6 was also examined simultaneously. 

[0030] The sample was cut and the depth of the metal destroyed by the corrosion phenomenon of a fragment 
was measured. The average corrosion depth of a different alloy in 700 degrees C, 800 degrees C, and 850 
degrees C is shown in the graph of drawing 1 - drawing 3 as a function of the die length of test time, 
respectively. The corrosion depth is shallow and corrosion resistance is dramatically excellent. The 
corrosion resistance of an alloy SCA 425 matches an alloy IN738 in 700 degrees C and 800 degrees C, and 
excels the alloy SC 16 in them. At 850 degrees C, the corrosion resistance of an alloy SCA 425 is equivalent 
to the alloys IN738 and IN939 to refer to. 

[0031] The machine cutting test piece as a single crystal rod of orientation <001> was used, and the tensile- 
stress creep test was carried out. After homogenizing the single crystal rod beforehand, annealing was 
carried out according to the above-mentioned procedure. The fracture time amount value in 750 degrees C 
in the condition of having carried out the load of the stress of different level, 800 degrees C, and 950 degrees 
C is shown in a table 2. 
[0032] 
[A table 2] 
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Endurance in the creep test of an alloy SCA 425 Temperature (degree C) Stress (MPa) Fracture time amount 
(h) 750 650 216/321.1 750 575 984 850 400 201/276 850 300 2121/2945/3220 850 250 6161 950 250 73/76 
950 200 261/291 950 180578 950 1601098 950 140 2109 950 1203872 [0033] The graph shown in drawing 
4 can compare the creep rupture time acquired about alloys SCA425, IN792, and SCI 6. An axis of abscissa 
is set as load stress. An axis of ordinate is the value of a RARUSON-mirror (Larson-Miller) parameter. The 
formula showing this parameter is as follows. 

P = T (20+logt)xl0-3 — in addition, T is creep temperature (kelvin) and t is fracture time amount (h). The 
creep resistance of an alloy SCA 425 is equal to the creep resistance of the alloy IN792 which is the object 
at least, and this graph shows that it is higher than the creep resistance of the criteria alloy SC 16. 
[0034] When the detailed organization of alloy SCA425 test piece was questioned at the last of a creep test, 
when it maintained at an elevated temperature for a long period of time, in the case of the nickel system 
superalloy which was rich in a part for chromium, and gamma matrix has supersaturated with the alloying 
element, it turned out that a deposit of the weak particle between metals with the possibility of a 
manifestation is not accepted. 

[0035] Moreover, when the manufacture trial was carried out about the single crystal component of 
superalloy SCA 425, it turned out that the component which has mass in a large area 10kg or more from 
several g, and moreover has it in various kinds of complication level can be cast. Growth of the component 
in crystal orientation <001> is promoted, it is dominant, and the existence of a crystal grain child which 
carried out random orientation decreases to the minimum. It is the semantics of not reacting with the 
construction material usually used for manufacture of mold, and the liquid metal is stable. In the case of 
SCA425 alloy, a recrystallization phenomenon with the inclination generated at the time of the 
homogenization in an elevated temperature is not accepted, either. 

[Translation done.] 
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[Drawing 1] 
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